. Objectives: To assess the hematological profile in CLL patients and healthy subjects. Moreover, to detect the antioxidant defense mechanisms in serum of CLL patients and healthy subjects such as glutathione (GSH), and malondialdehyde (MDA). Finally, to determine the IGHV mutational status using Rt-PCR and DNA sequencing. Methodology: This study was conducted on randomly selected 55 CLL patients referred to the National Center of hematology\AL-Mustansiyria University. CLL patients included (18) newly diagnosed untreated patients (12 males and 6 females), with a mean age of (55±12) yr and age range of (40-80)yr. This study includes (37) already diagnosed CLL patients who are currently receiving treatment. They included (28) males and (9) females, with a mean age of (57±9) yr and on age range of (45-71) yr. Nineteen (19) apparently healthy subjects were also involved in this study. They included (9) males and (10) females, with a mean age of (61 ± 17) yr. and an age range of (30-90) yr. Results: Serum levels of the major antioxidant, glutathione (GSH) showed a significant decline and serum levels of malondialdehyde (MDA) were significantly elevated in untreated CLL patients. Real Time-PCR results showed the presence of mutated in IgVH in 3/8 untreated and 4/8 treated CLL patients, while healthy controls did not show any mutation in IgVH. Conclusion: CLL patients of the present study showed various biochemical, and molecular changes.
Introduction
Chronic lymphocytic leukemia (CLL) is the most common type of leukemia in the Western world accounting for 40% of all leukemia characterized by the clonal proliferation and accumulation of B-lymphocytes. It affects mainly elderly patients as the median age of diagnosis is about 72 years and the male to female ratio is 2 : 1. The symptoms of the disease arise from a clonal excess of B-cells caused mainly by defects that prevent programmed cell death (apoptosis). In symptomatic patients the presence of unmutated Ig heavy chain variable region, the presence of ZAP-70, and CD-38 expression predict worse clinical outcome (Kyrtsonis, et al., 2013) . This genetic diversity of cancer cells is essential for progression of the disease (Calin, et al., 2005) . On the other hand, accumulation of reactive oxygen species (ROS) from antioxidant deficiency, mitochondrial dysfunction, inflammation, phagocytosis (myeloperoxidase activity), exogenous stress (exogenous oxidants, redox cycling agents, UV irradiation, chemicals, endotoxins, and hyperoxia) result in a state of redox imbalance known as oxidative stress. ROS alter biological macromolecules (DNA, carbohydrates, proteins, and lipids). which contributes to genomic instability. Previous analyses have demonstrated an impairment in the antioxidant defense system and an enhancement in the damaged DNA base 8-oxo-2-deoxyguanosine (8-oxo-dG) in both the preleukemic state of monoclonal B-cell lymphocytosis and CLL (Oltra, et al., 2001; Collado, et al., 2012) .
In normal B-cells, any immune complex or antigen induced germinal center GC enlargement formation of new ones as small B-cells surrounding GC, appearance of memory B-cells and development of Ig production cells of high affinity. During this particularly frenetic bout of cell division, somatic hypermutation of B-cell Ig genes occurs encoded by unmutated germ-line genes represent a form of evolutionary memory so-called 'natural antibody'. Randomly, some mutated daughter cells will have higher affinity for antigen, some the same or lower and others perhaps none at all. Similarly, mutations in the framework regions may be 'silent' or, if they disrupt the folding of the protein, give rise to nonfunctional molecules (Küppers, 2004; Dooley, et al., 2006) . Clones use either mutated or unmutated IGHV genes (Damle, et al., 1999) , with distinct clinical courses, the IGHV repertoire in CLL is not random and differs between U-CLL and M-CLL as well as between CLL cells and normal B cells (kipps, et al., 2000) . 
Subjects, Materials and Methods
This study was conducted on 55 adult Iraqi patients referred to the National Center of hematology, AL-Mustansiyria university for evaluation and treatment during the period extending from Oct. 2013 to Sept. 2015. They were diagnosed as having CLL based on physical examination by a specialist, morphological assessment of peripheral blood films and bone marrow smear by aspirate (BSA) examination ( in difficult cases), as well as flow cytometric immunophenotypic profile.
CLL patients included (18) newly diagnosed, untreated patients (12 males and 6 females), with a mean age of (55±12) yr. and an age range of(40-80)yr. Nineteen (19) patients, apparently healthy subjects were also involved in this study. They included (9) males and (10) females, with a mean age of (61 ± 17) yr. and an age range of (30-90) yr.
A male patient at the age of 25 yrs was excluded from the study because of his young age. This patient died five days after admission to the hospital. It is not unusual to diagnoses CLL in younger individuals at an age range from 30 to 39 years (Hernández, et.al., 1995) .
Another male patient was excluded from the study. He was the only patient with stage A among all patients of the present study.
The treatment given to CLL patients consist of the following combination therapy Rituximab, Fludarabine and Cyclophosphamide ( RFC), Rituximab was given at 375 mg/m 2 on day one (or over 2 days), Fludarabine given at 30 mg/m 2 on day one to day three, , and Cyclophosphamide at 300 mg/m 2 on day one to day five (Hallek et al., 2008; Catovsky, et al., 2011; Pettitt et al., 2012) .
Research Protocol
Collectively, the present research protocol encompass two groups of CLL patients. First, (18) newly diagnosed patients with pre-treatment values, and followed up for a median of 4.5 months RFC therapy. Second, (37) already treated CLL patients with a median of 21.5 months of therapy; as illustrated in figure 1 
Antioxidant enzymes
Glutathione (GSH) GSH Assay Procedure (Cusabio, U.S.A.) All reagents and samples were brought to room temperature before use. The sample was centrifuged again after thawing before the assay. All samples and standards were assayed in duplicate.
All reagents, working standards, and samples were prepared as directed in the previous sections. The number of wells to be used was determined according to the Assay Layout Sheet and put any remaining wells and the desiccant were put back into the pouch, ziplocwas sealed, stored unused wells at 4°C. 100µl of standard and serum per well were added, covered with the adhesive strip provided, and incubated for 2 hours at 37°C. A plate lay out is provided to record standards and samples assayed.The liquid of each well was removed without washing. 100µl of Biotinantibody (1x) was added to each well. covered with a new adhesive strip. Then incubated for 1 hour at 37°C. Each well was aspirated and washed, repeating the process two times for a total of three washes. Washing was done by filling each well with Wash Buffer (200µl) using a squirt bottle, multi-channel pipette, manifold dispenser, or autowasher, and let it stand for 2 minutes, complete removal of liquid at each step is essential to good performance. After the last wash, any remaining wash Buffer was removed by aspirating ordecanting. The plate was inverted and blotted it against clean paper towels.100µl of HRP-avidin (1x) was added to each well. The microtiter plate was covered with a new adhesive strip and incubated for 1 hour at 37°C.The aspiration/wash was processed for five times as in step 6. 90µl of TMB Substrate was added to each well, incubated for 15-30 minutes at 37°C, and protected from light. 50µl of Stop Solution was added to each well, and the plate was gently tapped to ensure a thorough mixing. The optical density of each well was determined within 5 minutes, using a microplate reader set to 450 nm. If a wavelength correction is available, set to 540 nm or 570 nm. The readings at 540 nm or 570 nm were subtracted from the readings at 450 nm. This subtraction will correct the optical imperfections in the plate.
Malondialdehyde (MDA)
MDA Assay Procedure (Cusabio, U.S.A.): All reagents were brought and samples to room temperature before use. All samples, standards, and controls were assayed in duplicate. 100µl of Standard, Blank, or serum Sample were added per well, covered with the adhesive strip and incubated for 2 hours at 37° C. The liquid was removed from each well without washing. 100µl of Biotin-antibody working solution was added to each well and incubated for 1 hour at 37°C. Each well was aspirated and washed three times for a total of three washes. The wash was done by filling each well with Wash Buffer (200µl) using a squirt bottle. Complete removal of liquid at each step is essential to good performance. After the last wash, any remaining Wash Buffer was removed by aspirating or decanting. The plate was inverted and blotted it against clean paper towels. 100µl of HRP-avidin working solution was added to each well. The microtiter plate was covered with a new adhesive strip, and incubated for 1 hour at 37°C. The aspiration and washing was repeated three times. 90µl of TMB Substrate was added to each well and incubated for 30 minutes at 37°C. 50µl of Stop Solution was added to each well. The optical density of each well was determined within 30 minutes, using a microplate reader set to 450 nm.
Molecular study

Separation of monocular cells ( Meltinyl Biotech)
The mononuclear cells (MNCs) were separated from blood sample by density gradient centrifugation according to the protocol described by Moreton, et al. (2005) . Fresh EDTA blood was diluted 1:1 in normal saline; mixed gently until it was homogenous. The cell suspension was centrifuged in cooling centrifuge (at 4 o C ,2000 rpm for 10 min) on equal volume of Ficoll-Paque. The upper layer was drawn off using a clean Pasteur pipette, the MNCs rich zone called (Buffy coat) was isolated, transferred into a new 10 ml tube and washed twice with normal saline through centrifugation at 2000 rpm for 8 min and 1000 rpm for 10 min, respectively. The final pellet was re-suspended with normal saline and was considered ready for isolation of DNA and determination of IGHV mutational status using RT-PCR and DNA sequencing.
One hundred μl of lymphocytes were added to the RNA Lysis Buffer. 175μl of RNA Lysis Buffer were added to the cells. The cells were suspended and by pipetting. 350μl of RNA Dilution Buffer was added and mixed by inverting 3-4 times.The tubes were placed in a water bath at 70°C for 3 minutes. Then centrifuged at 14000 rpm for 10 min. The cleared lysate was transferred to a sterile tube by pipetting. 200μl of 95% ethanol was added to the cleared lysate, and mixed by pipetting 3-4 times. The mixture was transferred to the Spin Column Assembly. Centrifuged at 12,000-14,000 × g for one minute. Spin Basket was taken from the Spin Column Assembly, and discarded the liquid was discarded in the Collection Tube. The Spin Basket was then back into the Collection Tube. 600μl of RNA Wash Solution was added to the Spin Column Assembly, centrifuged at 12,000-14,000 × g for 1 minute. The collection Tube was emptied as before and placed it in a rack. For each isolation to be performed, DNase incubation was prepared by mix combining 40μl Yellow Core Buffer, 5μl 0.09M MnCl 2 and 5μl of DNase I enzyme per sample in a sterile tube (in this order). Only the amount of DNase incubation mix required was prepared and pipetted carefully, and mixed by gentle pipetting; without vortex. The DNase I on ice was kept while it is thawed. 50μl of this freshly prepared DNase incubation mix was applied directly to the membrane inside the Spin Basket, and incubated for 15 minutes at 20-25°C. After incubation, 200μl of DNase Stop Solution was added to the Spin Basket, and centrifuged at 12,000-14,000 × g for 1 minute.600μl RNA Wash Solution (with ethanol added) was added and centrifuged at12,000-14,000 ×g for 1 minute. 250μl RNA Wash Solution was added and centrifuged at high speed for 2 minutes. For each sample, one capped 1.5ml Elution Tube were removed. The Spin Basket from the Collection Tube was transferred to the Elution Tube, and 100μl Nuclease-Free Water was added to the membrane. The Spin Basket Assemblies were placed in the centrifuge with the lids of the Elution Tubes facing out then centrifuged at 12,000-14,000 × g for 1 minute. The Spin Basket was removed and discarded. The Elution Tube containing the purified RNA was capped and stored at -70°C.
Determination of RNA Purity and concentration
This method is used to estimate the purity of the RNA by using a NanoDrope Spectrometer.
Partial IgVH Region Amplification and Sequencing
The partial IgVH Region was amplified using of specific primer pair using in RT-PCR reactions which provide a simple and rapid method for preparation of a specific region of cDNA for sequencing. This part of research was done in ASCO Learning Center/Al-Harthia/Baghdad.
Primers
Lyophilized primers were dissolved in a nuclease free water to give a primary concentration of (100 µM) (as stock solution). For working solution, 10µl of stock was diluted with 90µl of nuclease free water to get (10 µM) as a final concentration. The sequence of these primer was explained in Table: (1). Step Reverse Transcription PCR and specific primers were used as the following calculation and programming: 
Agarose of Gel Electrophoresis (Sambrook et al., 1989)
After DNA extraction and PCR amplification, Agarose gel electrophoresis was adopted to confirm the presence and integrity of the extracted DNA or amplification. PCR was completely dependable on the extracted DNA criteria.
Preparation of agarose 100 ml of 1X TBE was taken in a beaker. 1 gm (for 1%) agarose was added to the buffer. The solution was heated to boiling (using water bath) until all the gel particles were dissolved. 1μl of Ethidium Bromide (10mg/ml) was added to the agarose. The agarose was stirred in order to get mixed and to avoid bubbles.The solution was allowed to cool down at 50-60C°.
Casting of the horizontal agarose gel
The agarose solution was poured into the gel tray after both the edges were sealed with cellophane tapes and the agarose was allowed to gel at room temperature for 30 minutes. The comb was carefully removed and the gel was placed in the gel tray. The tray was filled with 1X TBE-electrophoresis buffer until the buffer reached 3-5 mm over the surface of the gel.
DNA loading 2μl of loading buffer was applied to each 5μl DNA sample, and samples were added carefully to the individual wells. PCR products were loaded directly. Electrical power was turned on at 7v/cm for 1-2 h. DNA moved from Cathode to plus Anode poles. The Ethidium bromide stained bands in gel were visualized using Gel imaging system.
DNA Sequencing
PCR products were performed and sent for sequencing by Macrogen Company/Korea. Data were analysed using immunoglobulins and T cell receptor sequences (IgBLAST).
Results and Discussion
Antioxidant profile
The serum level of the antioxidant glutathione (GSH) was significantly lowered, and that of the lipid peroxidation byproduct, malondialdehyde (MDA) was significantly elevated in the untreated newly diagnosed (followed up for a median of 4.5 months ( range 1-8 months)) and old treated CLL patients (range 4 months -8.5 years and median of (21.5 months)) compared with healthy controls (Table 4) and (Table 5 ). The decreased serum levels of reduced GSH in the present study agrees with that of Bakan et al., (2003) who reported a lower serum GSH levels in patients with CLL compared with controls.
Recently Jitschin et al., (2014) identified altered mitochondrial metabolism (notably, increased oxidative phosphorylation) in untreated CLL cells as the key source for the abundant ROS. Also, they demonstrated that CLL cells adapted to intrinsic oxidative stress through mechanisms involving promoting mitochondrial biogenesis (which in turn may enhance mitochondrial ROS output), suggesting that ROS adaptations to ROS, and mitochondria biogenesis appear to form a self-amplifying feedback loop in CLL cells.
On the other hand, Conklin (2004) suggested that the use of antioxidants during cancer chemotherapy, may enhance therapy by reducing the generation of oxidative stressinduced electrophilic aldehydes that can attack many cellular targets and diminish the efficacy of the treatment. Recently, Mut-Salud, et al., (2016) demonstrated that the convenience of administration of antioxidants during cancer therapy still remains a very controversial issue, because the final effect will depend on the type of cancer, the mechanism of action of the drug(s) used, and the type of antioxidant. Accordingly, they concluded that the supplementation (or restriction) of exogenous antioxidants during cancer therapy, when appropriate, could contribute to improving its efficacy.
The finding of elevated serum levels of MDA in the untreated newly diagnosed and old treated CLL patients agrees with that of Zelen et al., (2010) who reported significantly higher plasma MDA level in the CLL patients compared with controls, suggesting the presence of over production of ROSinduced oxidative stress in the untreated CLL patients. Elevated MDA level were also observed in supernatants of lymphocytes cultures of untreated CLL patients, suggesting that oxidative stress in CLL lymphocytes could be one of the potential mechanisms in the pathogenesis of abnormal apoptosis (Djurdjevic et al., 2009 ).
Molecular Profile in CLL patients
This part of research has been conducted on the partial IgVH region with amplified 240 bp using specific primers VH FR2 and JH JHE, after converted RNA being extracted from MNCs to cDNA in one step RT-PCR, for preparation the specific region for sequencing. Twenty subjects were randomly selected and involved in this experiment, eight newly diagnosed CLL patients (4 males and 4 females) and eight old treated CLL patients who are currently receiving treatment, (4 males and 4 females), and four healthy control (2 males and 2 females), which they are one from male and female. (Figure 2 ). Mutations of VH genes of Ig are identified by comparing DNA sequences of genes in B cells with corresponding genes in the germline. DNA sequences of B cells differing by 2% from its germline counterpart are considered mutated (Schroeder ,et al., 1994) .
Extensive molecular investigations of the B cell receptor (BCR) indicated that 60%-65% of CLLs carry immunoglobulin heavy-chain variable (IGHV) genes with evidence of somatic hypermutation in their variable regions, a process that occurs in the germinal center and may modify BCR affinity for antigens (Klein, et. al., 2008) .
IGHV unmutated CLL cells are typically BCR signaling competent whereas IGHV mutated CLL cells respond weakly or not at all to BCR crosslinking induced by anti IgM antibodies (Tsimberidou, et al., 2009).
The mutational status of IgVH is also associated with specific genomic aberrations; for instance, del (17p13) or del (11q23) occurs more frequently in patients with unmutatedIgVH CLL (unmut-IgVH), whereas mutations such as 13q-as sole aberrancy are generally associated with mutated IgVH (mut-IgVH) CLL (Kröber, et al., 2006) .
DNA Sequencing
Evaluation of biological prognosticators was centralized in few reference laboratories, IGHV mutational status was performed as previously reported (Bomben, et al., 2009 CLL could be divided into two prognostic subtypes based on the degree of mutation of the immunoglobulin heavy-chain variable region (IgVH) genes (Hamblin, et al., 1999) .
Molecular analysis of genetic using RT-PCR
Because these studies have focused on different prognostic factors, it is not surprising that they have identified independent sets of potential biomarkers. Novel biologic and genetic markers are providing tools to aid in the better prediction of responses, disease progression, and survival in patients with CLL. Unmut-IgVH is clearly an independent predictor of outcome in CLL patients. The correlation between unmut-IgVH and an increased risk for clonal evolution suggests that the presence of unmut-VH is required to induce karyotypic instability (Tobin, et al., 2003) . Unmut-IgVH does not appear to independently predict for chemoresistance, but patients with unmut-IgVH CLL are reported to have shorter remissions, the prognosis of unmut-IgVH patients remains poor, even after high dose chemotherapy. (Lin, et al., 2007 ).
Conclusions
The present study reached the following conclusions:
The reduction in the serum levels of glutathione, along with the elevation in serum MDA levels of CLL patients suggest the presence of an increased endogenous oxidative stress in CLL patients. The inability of (RFC) chemotherapy to normalize both serum GSH and MDA levels in treated CLL patients is suggestive of a lack of an antioxidant activity of these drugs, and the persistence of endogenous oxidative stress in treated CLL patients. Sequence analysis of IGVH gene revealed that 3 out of the 8 tested newly diagnosed CLL patients and 4 out 8 tested treated CLL patients had mutated IGVH, while none of the 4 tested healthy controls showed mutated IGVH. 
